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(54) Hybrid electric vehicle 

(57) A hybrid electric vehicle which is driven by a 
motor (7) powered with electric power generated by an 
engine (1), wherein the cylinder, piston, and sub-com- 
bustion chamber of the engine have insulation structure 
so that heat sufficient for evaporating fed fuel is held in 
the sub-combustion chamber. The sub-combustion 
chamber having a central communicating orifice is 
formed on the central portion of the piston head, a fuel 
collision table is formed in the sub-combustion chamber, 
and a plurality of radial communicating orifices for jetting 
flame from the sub-combustion chamber against the cyl- 
inder is provided, the burning is easy even with using a 
low pressure fuel injection mechanism, therefore a so- 
lenoid valve type injection pump with simple structure is 
used, the burning is smooth with using alcohol fuel such 
as methanol and ethanol, the fuel injection timing is ad- 
justed dependently on load to the optimal timing, the 
number of working cylinders is controlled so as to match 
to the load, the control allows the engine to operate at 
the optimal fuel consumption, therefore emission of haz- 
ardous substance contained in exhaust gas is mini- 
mized. The engine of the present invention needs no 
cooling mechanism, and also needs no heavy gear box 
and no clutch mechanism, the weight of the whole ve- 
hicle is significantly reduced comparing with conven- 
tional vehicles, the fuel consumption is reduced also in 
terms of the light weight. 



Fig. 1. 
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Description 



This invention relates to a hybrid electric vehicle 
powered with electric power generated by a generator 
coupled to the output shaft of the engine. This invention 
relates more particularly toa hybrid electric vehicle pow- 
ered with electric power generated by a generator cou- 
pled to the output shaft of the engine capable of recov- 
ering energy in exhaust gas. 

As a hybrid electric vehicle powered with electric 
power generated by a generator coupled to the output 
shaft of the engine, a hybrid electric vehicle shown in 
Fig. 13 has been widely known. The hybrid electric ve- 
hicle shown in Fig. 1 3 operates the engine 51 under the 
condition for high efficiency and low air pollution con- 
taminant concentration in exhaust gas to drive the gen- 
erator 52. Power generated by the generator 52 is 
charged in a battery 54 and also fed to a motor 55 
through a controller 53. The motor 55 drives wheels 57 
and 57 of the vehicle through a differential gear 56. In 
general, such electric vehicle is structured so that gen- 
erated output power from the generator 52 is supplied 
as the power needed for constant speed running of the 
vehicle, and when more power is needed for accelera- 
tion or climbing, power is supplied from both the gener- 
ator 52 and battery 54, on the other hand, when gener- 
ator output of the generator 52 is affordable, power is 
supplied to charge the battery 54. 
In the case of the above-mentioned conventional hybrid 
electric vehicle, there are drawbacks in that the engine 
is a water cooling engine or a gasoline engine and ther- 
mal energy in exhaust gas is not recovered, whereby an 
energy efficiency is decreased. 

In the case of the above-mentioned conventional 
hybrid power source, the power source is disadvanta- 
geous in that a generator is provided only on one end 
of the output shaft of the engine, and therefore the load 
exerted on the output shaft becomes unbalanced, re- 
sulting in the occurence of early wearing and deteriora- 
tion of bearings of the output shaft, thus the life of the 
engine is short. 

Further in relation to the problem described herein 
above, the size and weight of the generator is limited, 
therefore it is disadvantageous also in that a generator 
having only limited output power relative to the output 
of the engine is installed. 

In addition, currently the word Vehicle" refers usu- 
ally lo vehicles which use an fossil-fueled internal com- 
bustion engine as a prime mover, though the thermal 
efficiency of an internal combustion engine of such ve- 
hicles has been improved, much effort to reduce emis- 
sion environmental pollution has been made to improve 
more the efficiency, On the other hand, when supply of 
fossil fuel is short, the use of renewable methanol and 
ethanol as an energy resource would be unavoidable. 
Such global situation will be realized in near future, and 
to cope with such situation, the use of renewable meth- 
anol and ethanol attracts attentions. In Europe, such re- 



newable methanol and ethanol are used limitedly, inter- 
nal combustion engines used for methanol and ethanol 
have a cooling mechanism like conventional internal 
combustion engines, therefore the fuel evaporates and 
5 burns inefficiently, this type of engine is not suitable for 
these renewable fuels. 

In view of rotation -torque characteristics of a recip- 
rocal piston internal combustion engine, that is, torque 
is low at low speed range, high at intermediate speed 
10 and low at high speed range, a vehicle which is provided 
with such internal combustion engine needs a gear box 
and clutch mechanism essentially, the gear box and 
clutch mechanism are heavy in weight and needs a 
large space, and results in a heavy and large sized ve- 
is hide. 

As described herein above, conventional and cur- 
rent vehicles are disadvantageous in that fuel consump- 
tion is high and exhaust gas contains much hazardous 
substances and also vehicle weight is heavy. 
zo It is the primary object of the present invention to 
provide a hybrid electric vehicle driven by a motor pow- 
ered with electric power generated by an engine which 
is capable of recovering energy exhausted from the en- 
gine to improve thermal efficiency. 
25 It is another object of the present invention to pro- 
vide a hybrid electric vehicle as described above which 
accommodates properly a generator with balanced en- 
gine load. 

It is further object of the present invention to provide 
30 a hybrid electric vehicle which is capable of accommo- 
dating a maximum sized generator in a narrow engine 
room space of the vehicle. 

It is yet further object of the present invention to pro- 
vide a hybrid electric vehicle which uses no fossil fuel to 
35 reduce air pollution. 

To achieve the objects of the present invention, the 
present invention provides a hybrid electric vehicle pro- 
vided with an engine, a main generator driven by the 
engine to generate electric power, a motor provided on 
40 a drive shaft of wheels and powered with electric power 
generated by the main generator, and a controller for 
controlling the motor, wherein the engine has a combus- 
tion chamber insulation means consisting of ceramics 
such as silicon nitride for increasing enthalpy of exhaust 
45 gas, an exhaust pipe has turbo-charger and energy re- 
covery turbine, a sub-generator having permanent mag- 
nets as the rotor is provided on the shaft of the turbine 
and cylinder switching means for controlling the number 
of working cylinders of the engine is provided, the con- 
so troller controls a load detection means for detecting 
loading on the engine and the cylinder switching means 
correspondingly to an output from the load detection 
means. In the present invention, the combustion cham- 
ber has thermally insulated structure as described here- 
55 in above to prevent the heat from releasing to cooling 
water unlike conventional engines, and the enthalpy of 
exhaust gas is increased, and also exhaust port and ex- 
haust pipe are structured thermally insulated, a turbo- 
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charger having a high speed motor and an energy re- 
covery turbine are provided in the exhaust pipe in series 
,to recover thermal energy from exhaust gas, therefore 
the efficiency of the engine is significantly improved 
High efficiency of the engine is required for this hybrid 5 
system over the wide range of loading from partial load 
to full load, therefore the engine is structured so that the 
number of working cylinders is controlled dependency 
on loading on the engine, thus the engine is operated 
always at the maximum efficiency. 

The present invention provides a hybrid electric ve- 
hicle provided with an engine, a main generator driven 
by the engine to generate electric power, a motor pow- 
ered with electric power generated by the main gener- 
ator and provided on a drive shaft of wheels, and a con- 
troller for controlling the motor, wherein the engine is 
powered with methanol fuel, the engine is provided with 
a combustion chamber insulation means consisting of 
ceramics such as silicon nitride tor increasing enthalpy 
of exhaust gas, a catalyst for reforming methanol to 
dimethyl-ether with high cetane number in the intake 
pipe, and a heater for heating the catalyst, the exhaust 
pipe is provided with a turbo-charger and an energy re- 
covery turbine, a turbo-charger generator having a per- 
manent magnet as the rotor is provided on the shaft of 
the turbo-charger, and a sub-generator having a perma- 
nent magnet as the rotor is provided on the output shaft 
of the turbine. As described herein above, in this inven- 
tion, methanol is used as fuel for the engine, the com- 
bustion chamber has thermal insulation structure, en- 
thalpy of exhaust gas is increased, a turbo-charger and 
energy recovery turbine are provided in the exhaust pipe 
to recover thermal energy of exhaust pipe, and also a 
catalyst is provided in the intake pipe of the engine to 
reform methanol to dimethyl-ether with high cetane 
number, therefore the efficiency of the engine is signifi- 
cantly improved, and the combustion is greatly im- 
proved, thus the low-pollution vehicle is realized. 

Further, the present invention provides a hybrid 
electric vehicle provided with an engine and generator 
driven by the engine to generate electric power, and re- 
leases power directly and indirectly through a battery, 
wherein methanol is used as fuel for the engine, the en- 
gine is provided with a combustion chamber consisting 
of ceramics such as silicon nitride and a combustion 
chamber insulation means having a insulation layer on 
the outside of the combustion chamber, the main gen- 
erators are provided on both ends of a crank shaft of the 
engine, and a controller for merging power outputs from 
the main generators and the energy recovery generator 
connected to the exhaust pipe and for driving the motor- 
generator coupled with the drive shaft of the vehicle is 
provided. 

Yet further, the present invention provides a hybrid 
electric vehicle provided with an engine, a generator 
driven by the engine to generate electric power, a gen- 
erator powered with recovered energy from exhaust 
gas, a motor powered with electric power generated by 



the generators and coupled with the drive shaft of 
wheels, and a controller for controlling the motor, where- 
in a capacitor and battery are provided for storing elec- 
tric power from the generators connected to the engine 
and from the motor coupled with the wheels. 

In this invention, the first and second motor-gener- 
ators having a permanent magnet rotor are provided on 
both ends of the crank shaft of the reciprocal multiple 
cylinder engine, therefore the load on the output shaft 
of the engine is balanced, and the balanced load leads 
to reduced vibration of the engine, reduced wearing and 
deterioration of the bearing of the output shaft, and long 
service life of the engine. For the four-cylinder engine, 
the secondary unbalance during reciprocation period 
causes vibration of engine for the four-cylinder engine, 
and to cope with the vibration, in some cases, the side 
wall of a cylinder body is provided with a double speed 
unbalance shaft to absorb vibration. The unbalanced 
shaft rotates at a speed double the rotation speed of the 
engine, therefore the use of the shaft for the generator- 
motor leads to not only increased electric generation 
while tile engine is operated at low speed but also ab- 
sorption of the above-mentioned unbalanced vibration. 
The engine is provided with a turbo-compound system 
on the exhaust system, therefore the engine has gener- 
ators with three levels of speed including the generator 
with high speed : secondary balanced shaft with.inter- 
mediate speed, and engine crank shaft with low speed, 
this structure favors the engine for continuous high effi- 
ciency operation. In general, the operational efficiently 
of generators and motors is higher as the rotational 
speed is nearer to the rated rotational speed, the oper- 
ation at the rotational speed which gives high efficiency 
leads to the efficient use of energy For example, when 
an engine is operated at low speed, a generator coupled 
with the double speed unbalanced shaft is operated at 
high efficiency, and on the other hand when the engine 
is operated at full speed a generator coupled with the 
turbo-compound system is operated at high efficiency 
and also a generator coupled with the crank shaft is op- 
erated at high efficiency. The installation of these gen- 
erators with different rotational speeds leads to the high 
efficiency conversion of the engine power to electric 
power. 

As described herein above, the combustion cham- 
ber of the engine is consisting of thermal insulation ma- 
terial such as ceramics, therefore a cooling system of 
the engine is needless, the structure of the engine is 
simplified, energy concentrated in the exhaust system 
is converted to power, and the engine is made light 
weight and small sized. Generators are provided on 
both sides of the output shaft of the engine, therefore 
the structure of the hybrid power source is simplified and 
the efficiency is improved. 

The present invention provides a hybrid electric ve- 
hicle provided with a engine having a structure in which 
a piston has a sub-combustion chamber, a fuel injection 
nozzle is provided on the cylinder head, fuel from the 
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injection nozzle is sprayed through the central commu- 
nicating orif ice with a small diameter provided on the top 
of the sub-chamber, the sub-combustion chamber is 
provided with fuel collision table in the internal thereof 
and formed of thermal insulation structure around the 
chamber, a plurality of radial communicating orifices is 
provided on the head ol the piston to spread fire gener- 
ated in the sub-combustion chamber to the direction of 
cylinder side wall, and the cylinder and the outside of 
the combustion chamber of the upper side of the cylin- 
der are formed of thermal insulation structure, a gener- 
ator coupled with the output shaft of the engine, a motor 
fed with electric power from the generator to drive the 
wheels, an energy recovery means for recovering ex- 
haust energy included in exhaust gas from the engine 
in a form of electric power, the first storage means for 
storing instantaneous surplus power generated from the 
generator-motor of the vehicle and releasing the power 
to the electric system the second storage means for 
storing redundant surplus power generated by the gen- 
erator and releasing redundantly the power to the elec- 
tric system, a super-charging means driven by the elec- 
tric system in the vehide to super-charge the engine, 
and controller for controlling power frequency and cur- 
rent dependency on the characteristics of the motor. In 
this invention, the generators loaded on both ends of the 
output shaft of the engine are optionally disconnectable, 
the generator is connected to the turbine as an exhaust 
recovery device, the fuel energy is recovered sufficient- 
ly The engine is operated with alcohol fuel, the inlet 
valves and exhaust valves are operated electro-mag- 
netically, the sub-combustion chamber provided on the 
piston head of the internal combustion engine is formed 
at the center of the- piston head, the fuel pump of the 
engine is operated electro-magnetically and provided 
on each cylinder, and the fuel distributor feeds fuel to 
only working cylinders. The engine has a plurality of cyl- 
inders, the number of working cylinders is controlled de- 
pendency on the engine load, each cylinder is operated 
in the optimal fuel consumption range. A rotation sensor 
and load sensor are mounted on the output shaft of the 
engine for detecting rotation speed and load on the 
shaft and at least the number of working cylinders and 
the operation timing of the inlet valves and exhaust 
valves are controlled by the signal generated from the 
rotation sensor. 

Fig. 1 is a block diagram tor illustrating the whole 
structure of the present invention. 

Fig. 2 is a conceptual diagram for illustrating the 
control concept of the present invention. 

Fig. 3 is a conceptual diagram for illustrating the cyl- 
inder control of the engine of the present invention. 

Fig. 4 is a diagram for illustrating the structure of the 
main generator of the present invention. 

Fig. 5 is a block diagram for illustrating the structure 
of another embodiment of the present invention. 

Fig. 6 is a schematic diagram for illustrating the 
structure of the engine used in the present invention. 



Fig 7 is a cross-sectional view of the motor-gener- 
ator used in the embodiment of the present invention. 

Fig. 8 is a block diagram for illustrating the structure 
of yet another embodiment of the present invention. 
5 Fig. 9 is a cross-sectional view of the engine used 
in the present invention. 

Fig 10 is a plan view for illustrating the top side of 
a piston of the engine used in the present invention. 
Fig. 1 1 is a cross-sectional view of an exhaust valve 
10 of the engine used in the present invention. 

Fig 12 is a partial cross-sectional view of an ex- 
haust valve of the engine used in the present invention. 

Fig 1 3 is a block diagram for illustrating the whole 
structure of a conventional hybrid electric vehicle. 
15 Embodiment of the present invention is described 
in detail hereinafter referring to the drawings. Fig. 1 
shows the whole structure of the embodiment. In Fig. 1 , 
the numeral 1 represents a diesel engine in many cases, 
the combustion chamber of the engine 1 is formed of 
20 ceramics such as silicon nitride and insulated with insu- 
lation layers provided on the outside and outer periph- 
eral surface of the exhaust outlet wall. The numeral 2 
represents a main generator that obtains magnetic f .eld 
a permanent magnet moving at a speed increased by a 
25 planetary gear or has the permanent magnet rotor. The 
numeral 3 represents a turbo-charger provided in the 
exhaust pipe of the engine 1 and having a motor-gen- 
erator 3a on its rotation shaft, this is a widely known de- 
vice for compressing air intake by thermal energy in ex- 
30 haust gas from the engine 1 . The numeral 4 represents 
a turbine driven by thermal energy of exhaust gas from 
the engine 1 , a sub-generator 5 is provided on the output 
shaft 4a thereof. The motor-generator 3a and sub-gen- 
erator 5 are both permanent magnet type generators 
35 having permanent magnet rotors. 

Output power generated by the main generator 2, 
motor-generator 3a, and sub-generator 5 is controlled 
by a controller 6 so as to be the same voltage, the fre- 
quency is adjusted to a prescribed value by an inverter 
40 6a thus the output power is regulated suitably for driving 
axle shafts, and supplied to motors 7 and 7. When sur- 
plus power is available, power is controlled to be fed to 
a capacitor 10 and battery 11. The controller 6 controls 
also a cylinder control actuator 12 provided on the en- 
45 nine 1 The control will be described hereinafter. 

The motors 7 and 7 drive wheels 9 and 9 respec- 
tively through reduction gears 8 and 8. 

Fig 2 is a figure for illustrating the concept of oper- 
ation of the embodiment. Operations in the embodiment 
so are described referring to Fig. 1 and Fig. 2. The opera- 
tion of a vehicle is repetition of acceleration, running at 
constant speed, deceleration, and stopping. Fig. 2 rep- 
resents a simplified operation of a vehicle. In Fig. 2, a 
operation pattern comprising acceleration at low speed, 
55 running at a constant speed, and deceleration, and an- 
other operation pattern comprising acceleration at high 
speed, running at a constant speed, and deceleration 
are shown. 
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Power supply to the motors 7 and 7, namely driving force 
of the motors 7 and 7, is shown at the bottom of the figure 
.respectively for each pattern. 

Usually, the axle shaft motors 7 and 7 need more 
power when acceleration than when running at a con- 
stant speed. The total full output power generation by 
the main generator 2, motor-generator 3a, and sub-gen- 
erator 5 in this embodiment is prescribed to a value 
smaller than the total power needed for acceleration as 
shown in Fig. 2. To supply output power needed for ac- 
celeration, a very large sized engine is necessary. To 
avoid the use of such a large sized engine, the under 
power for acceleration is controlled by the controller 6 
to supply the power from the capacitor 1 0 and/or battery 
1 1 . When the motors 7 and 7 are in high loaded condition 
such as acceleration or climbing and full parallel opera- 
tion of the main generator 2, motor-generator 3a, and 
sub-generator 5 is insufficient for continuous accelera- 
tion or climbing, first the capacitor 10 supplies for the 
deficient power if the capacitor is charged and ready for 
discharging, or if the capacitor 10 is insufficiently 
charged and not ready for discharging, the battery 11 
supplies for the deficient power. The capacitor 10 is 
charged during deceleration, that is, the main generator 

2, and/or motor-generator 3a, and sub-generator 5 are 
operated and also the motors 7 and 7 are operated re- 
generatively as a generator to regenerate braking power 
to charge the capacitor 10, The regenerative operation 
of the motors 7 and 7 is served as a function what is 
called engine brake. The battery 11 is charged during 
constant speed running if surplus power from the main 
generator 2 and/or motor-generator 3a : and sub-gener- 
ator 5 is available. Next, the number of cylinder switch- 
ing control is described. The cylinder control actuator 1 2 
controls the cylinders to stop the motion of some cylin- 
ders when required power for the motors 7 and 7 is small 
and the work per cylinder is increased because friction 
loss due to intake and exhaust motion of the reciprocal 
engine is large, and the loss is reduced and fuel con- 
sumption is improved. Then, the number of working cyl- 
inders is reduced to a half. In detail, intake and exhaust 
valves of non-working cylinders are maintained closed 
to reduce the number of working cylinders. This control 
is exerted when required power for the motors 7 and 7 
is lower than power generation of the half cylinder op- 
eration during constant speed running as shown in the 
bottom figure in Fig. 2 for low speed pattern. 

The load-engine torque characteristics of the en- 
gine 1 when the cylinders are controlled is shown in Fig. 

3. Fig. 3 shows an example characteristics of a four-cyl- 
inder engine. In the case of a four-cylinder engine, the 
fuel consumption is optimal in an engine load range of 
2/4 to 3/4, and in generated torque range of around 2/3 
of the maximum torque. That means the highest engine 
efficiency. Therefore, it is desirable that the engine of 
the hybrid electric vehicle is operated always in this 
range for high efficiency, however, because actual load 
fluctuates to a large extent dependently on the required 
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power for the motors 7 and 7 as shown in Fig. 2, it is 
difficult to operate always in the optimal efficiency range. 
To cope with the difficulty, in the embodiment of the 
present invention, the engine load is monitored, and 
5 when the engine load is low, the engine is controlled to 
be operated using two cylinders. 

In Fig. 1, a structure in which motors are provided 
for each driving wheel is shown, however a structure in 
which wheels are driven through a differential gear may 
io be selected as shown in the conventional embodiment. 
In the case that wheels are driven through a differential 
gear, a structure in which a planetary gear power trans- 
mission mechanism is provided between a driving shaft 
and a motor, a plurality of pinions of the planetary gear 
is is provided, motors are provided for each pinion may be 
selected In this case, the number of working motors is 
controlled dependently on running load to operate the 
engine in the optimal efficiency range in the rotational 
speed of the motor and output characteristics. As shown 
20 in Fig. 4, planetary gear is used for the main generator 
2, the size of the planetary gear is prescribed to the min- 
imum size. In such structure, the transmitted power from 
the crank shaft C is transmitted to the peripheral gear 
and rotated. The radius of the rotor is large, the periph- 
25 ery of the rotor is formed in a shape of stepwise rectan- 
gular wave form, permanent magnets are placed with 
interposition of the rotor, the magnetic field is passed 
and shut alternately, and an electric power is generated 
in a coil wound on the permanent magnet circuit Small 
30 motors M are mounted on the planetary gears 21 to 23 
to generate electric power. 

In this embodiment, the combustion chamber of the 
engine has thermal insulation structure to increase en- 
thalpy of exhaust gas, and a turbo-charger and energy 
35 recovery turbine are provided in the exhaust pipe to re- 
cover thermal energy of exhaust gas, therefore the effi- 
ciency of the engine is greatly improved. The number of 
working cylinders is controlled dependently on loading 
condition of the engine, therefore the engine is operated 
40 always at the optimal efficiency. 

Next, an embodiment in which methanol is used as 
fuel, and a reformer for reforming methanol fuel to a fuel 
with high cetane number such as dimethyl-ether is pro- 
vided in the air intake passage is described refering to 
45 Fig. 5. In Fig. 5, the same member as shown in Fjg. 1 is 
provided with the same numeral, and description is omit- 
ted. In Fig. 5, the numeral 14 represents catalyst, the 
numeral 1 3 represents an electric heater for heating the 
catalyst 1 4. The electric heater 1 3 is supplied with elec- 
50 trie power by the controller 6 when the temperature of 
the engine is low. The thermal insulation structure of the 
combustion chamber of the engine favors combustion 
of methanol with a low cetane number because of high 
temperature of the wall. However, when the atmospher- 
55 ic temperature is low, the wall temperature does not ris- 
es when the engine operation is started, and methanol 
burns incompletely. When, methanol is reformed partial- 
ly to dimethyl-ether using the catalyst and heater by 
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about 10 %, the cetane number is significantly improved 
and diesel combustion is possible. By using this type of 
device, combustion over the full range is improved. After 
the temperature rising, reforming to dimethyl-ether pro- 
ceeds sufficiently., and the engine functions as a wall fir- 
ing diesel engine. 

In this embodiment., methanol is used as fuel for the 
engine, the thermal insulation structure is provided to 
the combustion chamber of the engine to increase en- 
thalpy of exhaust gas, and the turbo-charger and energy 
recovery turbine are provided in the exhaust pipe to re- 
cover thermal energy of exhaust gas, therefore the effi- 
ciency of the engine is improved to a large extent, in 
addition, the catalyst for reforming methanol to dimethyl- 
ether with a high cetane number is mounted in the air 
intake passage of the engine, thus the combustion is 
improved to a large extent, and a low-pollution hybrid 
electric vehicle is realized. 

Next, an embodiment of an engine used preferably 
for the hybrid electric vehicle shown in Fig. 1 is de- 
scribed in detail referring to drawings. Fig. 6 shows the 
structure, Fig. 7 is a side view of the engine, and Fig. 8 
is a block diagram for illustrating the whole structure of 
this embodiment. In Fig. 6, the numeral 25 represents 
the cylinder head consisting of casted aluminum or cast- 
ed iron, and the head liner 26 consisting of ceramics 
such as silicon nitride is engaged to the combustion 
chamber The numeral 27 represents a piston consisting 
Of casted aluminum. The numeral 28 represents a cyl- 
inder liner consisting of ceramics such as silicon nitride 
engaged to the engine body. Other members such as a 
crank shaft C and con'rod 29 are provided like a con- 
ventional engine. Generators 2' and 2" comprising per- 
manent magnet rotors 32 and 33 and stators 34 and 35 
respectively are provided on both ends 30 and 31 of the 
crank shall C. The generator 2' and 2° are equivalent to 
the main generator 2 shown in Fig. 1. A large diameter 
gear 36 is mounted on the one end 30 of the crank shaft 
C, the motor-generator 38 is connected to the large di- 
ameter gear through a small diameter gear 37. The gear 
ratio of the large diameter gear to the small diameter 
gear is 2:1 . therefore, the motor-generator 38 is rotated 
at a speed twice the rotational speed of the engine. The 
motor-generator 38 is added to the embodiment shown 
in Fig. 1. 

As shown in Fig. 7, a shaft 40 having the small di- 
ameter gear 37 and unbalanced spaces 39 is provided 
to the motor-generator 38, a permanent magnet type ro- 
tor 41 is fixed on the shall 40, and a stator 42 is provided 
with a interposition of a gap around the rotor 41 . The 
unbalanced spaces 39 provided on the shaft 40 are pro- 
vided so that unbalanced force is exerted to the opposite 
direction to the motion of the piston 3 of the engine, 
therefore the unbalanced force reduces vibration and 
noise having the frequency twice the engine rotational 
speed or second order of the rotation. 

Operations of the embodiment shown in Figs. 6, 7, 
and 8 are described herein under. The operation of a 



vehicle is repetition of acceleration, running at a con- 
stant speed, and deceleration, and stopping. Usually, 
the motor 7 requires more power for acceleration than 
when running at a constant speed Full generation power 
5 from the generators 2' and 2° is designed so as to be 
insufficient for acceleration. The under power for accel- 
eration is supplied from the capacitor and/or battery 11 
under the control by the controller 6. When the motors 
7 and 7 are loaded heavily, for example, for acceleration 
w or climbing, though the generators 2 1 and 2" are operat- 
ed at the full power, if the power is insufficient for the 
load, the under power is supplemented by the capacitor 
1 0 when the capacitor 1 0 is charged and ready for power 
supply, if the capacitor is charged insufficiently and not 
is ready for power supply, the under power is supplement- 
ed by the battery. 11. The capacitor is charged during 
deceleration with power from generators 2 and 2" and 
also from the regenerative operation of the motors 7 and 
7, that is, the motors 7 and 7 are operated as the gen- 
20 erator to generate electric power for charging the capac- 
itor. The regenerative operation of the motors 7 and 7 is 
served also as a function what is called engine brake. 
The battery 11 is charged while running at a constant 
speed and surplus power is available from the genera- 
ls tors 2' and 2". The motor-generator 38 is operated as 
the generator when output power generated from the 
generators 2' and 2" is insufficient and power generated 
by the motor-generator 38 is supplied to supplement the 
under power. The motor-generator 38 is operated as the 
30 motor to supplement the insufficient output of the engine 
when the output of the engine is insufficient The control- 
ler 6 controls the motor-generator 38. 

In this embodiment, the first and second motor-gen- 
erators having a permanent magnet rotor are provided 
35 on both ends of the crank shaft of the reciprocal multiple 
cylinder engine, therefore weight loaded on the output 
shaft of the engine is balanced, the balanced weight 
leads to reduced wearing and deterioration of the bear- 
ing of the output shaft thus the engine is provided with 

40 a long life. 

The combustion chamber of the engine is formed 
of insulation material such as ceramics, therefore a cool- 
ing system of the engine is needless, the engine is sim- 
plified, and such structure allows the engine to be light 
45 weight and small sized. The generators are provided on 
both ends of the crank shaft, the structure of the hybrid 
power source is simplified and the efficiency is im- 
proved. 

An embodiment of an engine used preferably for the 
so hybrid electric vehicle shown in Fig. 1 is described in 
detail referring to Figs. 9 to 12. 

Fig. 9 is a partial cross-sectional view for illustrating 
the cylinder structure of each cylinder of the engine 1 
shown in Figs. 1. 5, and 8. The cylinder liner 125 con- 
55 sisting of high strength and heat resistant ceramics such 
as silicon nitride is inserted to the inside peripheral sur- 
face of the cylinder of the cylinder body 120. The cylin- 
der head liner 1 27 is inserted with interposition of a gas- 
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* ket 1 26 on the top of the cylinder liner 1 25. The cylinder 
head liner 127 also consists of high strength and heat 
resistant ceramics such as silicon nitride. The numeral 
128 represents the cylinder head provided above the 
cylinder body 1 20. The numeral 1 40 represents the pis- 5 
ton, the piston is contained in the cylinder liner 125 and 
cylinder head liner 1 27 and moves slidably in the vertical 
direction correspondingly to the motion of the engine, 
piston rings 141 are engaged on the sliding portion. 

The numeral 130 represents the sub-combustion io 
chamber buried at the central portion of the top of the 
piston 140 : the sub-combustion chamber consists of 
high strength and heat resistant ceramic material such 
as silicon nitride and composite material of silicon nitride 
and fibrous material. The top of the piston head is pro- 1$ 
vide with a small central communicating orifice 131 cor- 
responding to the fuel injection nozzle 121 provided on 
the cylinder body 120 and provided with a plurality of 
radial communicating through-orifices 132 extending ra- 
dially toward the inside wall of the cylinder head liner 20 
127, the cross-sectional shape of the opening 132a of 
the radial communicating orifice 132 at one end on the 
inside wall of the sub-chamber 130 is circular, on the 
other hand, the cross-sectional shape of the upper 
opening 1 32b of the radial communicating orifice 1 32 at 2s 
the other end facing to the main combustion chamber 
150 is elliptical as shown in the top view of Fig. 10, the 
cross-sectional area of the passage of the circle and el- 
lipse is the same or the cross-sectional area of the el- 
lipse is smaller than that of the circular area ranging be- 30 
tween 1 00 to 80 %. The plurality of radial communicating 
orifices 132 penetrate helically in the vertical direction 
with the same rotational direction, therefore flame and 
fuel-air mixture gushing out against the inside wall of the 
cylinder from the sub-combustion chamber 1 30 through 35 
a radial communicating orifice 132 form a swirl. A fuel 
collision table 1 33 with a shape of trapezoid having an 
upper plane perpendicular to fuel injection direction from 
the fuel injection nozzle 121 is formed at the center of 
the sub-combustion chamber 1 30, fuel injected against 40 
the plane is scattered radially toward the circumference 
of the cylinder. 

The sub-combustion chamber 130 is fixed to the 
piston with a fixing ring 142, thermal insulation gasket 
143 and air space 144 are provided for thermal insula- 4 $ 
tion of the sub-combustion chamber 1 30, and an under 
cover 146 is mounted under the sub-combustion cham- 
ber with interposition of thermal insulation air space 1 45 
to prevent lube oil from splashing into the sub-combus- 
tion chamber. The cover 1 46 may be integrated with the so 
piston 140. 

The numeral 123 represents the intake valve for 
opening-closing the intake port 123a, and the numeral 
124 represents the exhaust valve for opening-dosing 
the exhaust port 1 24a, both valves are fixed on the bot- ss 
torn of the cylinder head liner 27. The fuel injection noz- 
zle 121 for feeding fuel provided to the cylinder head 
1 28 is covered with heat insulator 1 22 for thermal insu- 



lation. 

The numeral 129 represents the fuel injection noz- 
zle control solenoid valve operated in response to output 
from the controller 6.The numeral 151 represents the 
fuel injection pump, the injection pump also may be con- 
trolled by the output from the controller 6. 

The engine 1 is a multiple cylinder engine, in the 
embodiment it is a four-cylinder engine. The number of 
working cylinders of the engine 1 is controlled depend- 
ency on rotation speed and load detected by the rotation 
sensor 173 and load sensor 172 respectively, and the 
number of working cylinders is controlled so that work- 
ing cylinders are operated at the maximum efficiency. 
The load sensor 172 detects a stroked distance of the 
accelerator pedal as the load The engine 1 has thermal 
insulation structure and has not a cooling system for cyl- 
inders, such structure allows the output shaft to project 
outside from both ends of the engine 1 as shown in Fig. 
8, therefore two main generators 2' and 2" can be pro- 
vided in front and rear of the engine 1. Output from the 
controller 6 controls the control solenoid valve 129 so 
that fuel is fed to only working cylinders operated de- 
pendency on load and rotation speed of the engine 1. 

Next, operations of the engine having such struc- 
ture is described. In the late period of compression 
stroke when a piston 1 40 rises, the air is compressed to 
cause temperature rising and pressurized in the internal 
of the sub-combustion chamber 130. When this^condi- 
tion is prepared, methanol fuel is injected from the fuel 
injection nozzle 121 onto the fuel collision table 133 in 
the sub-combustion chamber 130, the fuel is scattered 
toward the circumference of the sub-combustion cham- 
ber so that fuel is really vaporized and fired, and the fuel 
is ignited in the sub-combustion chamber 130. The ig- 
nited fuel gushes out from the periphery of the piston 
through radial communicating orifices 132, and mixed 
with air in the main combustion chamber 1 50, then fired 
more violently. Such combustion is repeated, and the 
wall of the sub-combustion chamber is heated to form 
the heated layer. The timing of fuel injection is controlled 
based on signals from the rotational position sensor 
171 , load sensor 172, rotation sensor 173 and fuel flow 
rate sensor 174 of the engine 1. 

After forming of the heated layer on the wall of the 
sub-combustion chamber 1 30, when methanol fuel is in- 
jected from the fuel injection nozzle 121 into the sub- 
combustion chamber 1 30 through the central communi- 
cating orifice 131, the fuel is brought into contact with 
pressurized air in the sub-combustion chamber 130 
containing compression heat and the high temperature 
inside wall of the sub-combustion chamber 1 30, the fuel 
receives much heat from the heated layer and is readily 
vaporized and ignited. When the piston 140 is posi- 
tioned around the top dead center, the sub-combustion 
chamber 130 is under the condition in which the sub- 
combustion chamber 1 30 is almost closed because the 
area for passage of the central communicating orifice 
131 is small, flame generated by ignition and volume 
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expansion and unburnt fuel-air mixture erupt through 
the plurality of radial communicating orifices 1 32 against 
the surrounding inside wall of the cylinder instantane- 
ously. , 

Because the opening 132b of the radial communi- 
cating orifice 132 is elliptical with the major axis in the 
radial direction, the erupted combustion gas and un- 
burnt fuel-air mixture reach the corner of the cylinder 
head liner 127, and because the passage of the radial 
communicating orifice is spiral, the combustion gas and 
unburnt fuel-air mixture form swirl flow in the space be- 
tween the cylinder head liner 127 and the piston 140 
which space forms the main combustion chamber 150, 
thus the combustion gas and unburnt fuel-air mixture 
are mixed with air in the main combustion chamber 150 
and burn explosively to generate high pressure, the high 
pressure presses down the piston 140 to drive the en- 
gine. 

The intake valve 123 and exhaust valve 124 in the 
embodiment are operated electro-magnetically. Various 
methods for electro-magnetic operation of the intake 
valve and exhaust valve are available. Fig. 1 1 is a cross- 
sectional view for illustrating one example of such meth- 
ods, and Fig. 12 is a partial cross-sectional view for il- 
lustrating open condition of the example valve. The in- 
take valve 123 and exhaust valve 124 are valves to 
open-close the intake port 1 23a and exhaust port 124a 
respectively, both valves have the almost same struc- 
ture, therefore only the structure of an intake valve 1 23 
is described herein. 

In Fig 11 and Fig. 12, the numeral 123 represents 
an intake valve, the stem 111 is borne by the valve guide 
1 1 2, the valve element 1 1 4 sits on the valve seat 11 3 to 
close the passage when Ihe valve is closed. 

The numeral 102 represents a spring, the spring is 
provided between the upper seat 103 fixed at the pre- 
scribed position on the stem 111 and the cylinder head 
25 the spring exerts elastic force on the intake valve 
1 23 to force it to the upper position continuously, namely 
closed valve position. 

The numeral 104 represents a plunger consisting 
of ferromagnetic material, the plunger is fixed at the up- 
per position of the stem 111 , and the plunger is attracted 
by the electro-magnetic actuator 105, which will be de- 
scribed hereinafter, to open the intake valve 123, a ring 
permanent magnet 106 is provided above the plunger 
104 the ring permanent magnet 105 is magnetized, for 
example, N pole on the top and S pole on the bottom. 

The electro-magnetic actuator 105 is provided with 
a shell type core 109, ring exciting coil 107 for exciting 
the core 109, and ring driving coil 108 provided above 
the core 1 09, and fixed at the prescribed position above 
the cylinder head 25. The exciting coil 107 is supplied 
with a current to generate electro-magnetic power, then 
the exciting coil attracts the plunger 104 having the per- 
manent magnet 106 downward and the driving coil 108 
are supplied instantaneously with a heavy current from 
the capacitor 10 to form a magnetic circuit as shown in 



Fig. 11 with a dotted line. 

As described herein above, when the intake valve 
123 is opened, the exciting coil 107 and driving coil 108 
is supplied with a current, the electro-magnetic force 
s causes attraction force for attracting the ferromagnetic 
plunger 104 and also causes downward driving force in 
the permanent magnet 1 06, thus the stem 1 11 is moved 
downward to open the intake valve 1 23. 

Next when the current supply to the exciting coil 1 07 
10 is discontinued to close the intake valve 1 23, the plunger 
1 04 which has been positioned downward by the attrac- 
tion force, is driven upward by the elastic force of the 
spring 102 to close the intake valve 123, when the per- 
manent magnet 131 positioned as shown in Fig. 12 re- 
is turns upward. 

Next, operations of the embodiment are described 
When a driver operates the accelerator pedal to drive 
the vehicle, an output from the load sensor 72 is detect- 
ed immediately, and stored in the controller 6. The con- 
20 trailer 6 continues the operation of the engine 1 until the 
vehicle speed attains to the speed corresponding to the 
output from the load sensor 72. During this operation, 
the number of working cylinder of the engine 1 is con- 
trolled, the engine 1 is controlled so that working cylm- 
25 ders are operated at the optimal efficiency rang." al- 
ways, that is, when surplus power is available, the en- 
gine 1 is controlled immediately to reduce the number 
of working cylinders, on the other hand when the output 
is insuffident, the engine 1 is controlled to increase the 
30 number of working cylinders by operating resting cylin- 
ders The intake valve 123 and exhaust valve 124 of 
resting cylinders are not operated, and the intake port 
123a and exhaust port 1 24a are closed, the resting cyl- 
inders are served for pumping operation to reduce the 
35 load on working cylinders. 

A turbo-charger 3 is inserted in the exhaust system 
of the engine 1 , and another turbine 4 is fixed in the down 
stream from the turbo-charger 3. When the engine is ro- 
tated at high speed and high temperature exhaust gas 
40 is exhausted at high rate, two turbines are rotated by 
exhaust energy of exhaust gas, the output of the tur- 
bines used to drive the motor-generator 3a as a gener- 
ator to recover the output, and also excess exhaust en- 
ergy drives the turbine 4, and the turbine 4 drives the 
45 sub-generator 5 to recover exhaust energy additionally. 
On the other hand, the engine 1 is fueled with meth- 
anol or ethanol. The heating value of these alcohol fuel 
is a half of fossil fuels such as gasoline and light oil, 
therefore more fuel should be fed than fossil fuel. For 
so this reason, alcohol fuel absorbs a large amount of heat 
as heat of vaporization from the combustion chamber 
comparing with fossil fuel. In the embodiment of the in- 
vention, the sub-combustion chamber 1 30 is structured 
with thermal insulation, the heated layer is formed on 
55 the wall, fuel injected onto the fuel collision table 1 33 of 
the sub-combustion chamber 130 is scattered and col- 
lided against the wall of the sub-combustion chamber 
130 therefore methanol or ethanol fuel absorbs a large 
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amount of heat from the wall and vaporizes instantane- 
ously. The wall of the sub-combustion chamber 130 is 
^provided with efficient thermal insulation, then upon 
burning in the internal, absorbed heat as heat of vapor- 
ization is supplemented, and heated layer is formed on 
the wall again. 

The main generators 2' and 2" are rotated by the 
engine 1 , an output is fed to the controller 6 and then to 
the motors 8, the wheels 9 are operated, then the vehicle 
is accelerated. The vehicle speed is monitored by the 
controller 6 always, the speed is compared with a speed 
equivalent to the stroked distance of the accelerator 
pedal. When both speeds become the same speed, the 
controllers reduces the power supply to the motors 8 to 
the power level sufficient for only maintaining the vehicle 
speed at a current speed including supplement for var- 
ious friction resistance loss. Naturally, output generation 
of the main generators 2* and 2" decreases and output 
of the engine 1 also decreases. Consequently, output of 
the cylinders decrease, and the efficiency of the cylin- 
ders falls down. The controller 6 detects the fall down, 
operates the calculation that the output of the main gen- 
erator 2' and 2 M is divided by the maximum output from 
a single cylinder operated under the maximum efficien- 
cy to figure out the required number of working cylin- 
ders, compares the current number of working cylinders 
with the required number of working cylinders, and if the 
current number of working cylinders is larger than the 
required number of working cylinders, some working 
cylinders are stopped To stop the operation of cylinders, 
simply the operation of the intake valve and exhaust 
valve of the cylinders to be stopped may be stopped. 

When a vehicle is accelerated and moved at high 
speed, the engine 1 exhausts a large amount of high 
temperature exhaust gas. Under such condition, the tur- 
bo-charger 3 drives the compressor to operate the su- 
percharging, in addition, the motor-generator 3a of the 
turbo-charger 3 functions as a generator to recover ex- 
haust energy as electric power. Also the sub-generator 
5 recovers exhaust energy as electric power. These re- 
covered electric power is sent to the controller 6 and dis- 
tributed to the motors 9 as driving power, and when sur- 
plus power is still available, the electric power is sent to 
the battery 11, that is a lead-acid battery, for storing. 
However, when braking, the generators generates a 
large current instantaneously, the lead-acid battery can 
not accept such instantaneous large amount of electric 
power for charging, instead, the surplus power is sent 
to the capacitor 1 0 and the capacitor 1 0 absorbs instan- 
taneously the surplus power for storing. Capacity of the 
capacitor 10 is not so large as that of the battery 11 , the 
controller 6 for controlling charging and discharging is 
operated upon completion of lull charging of the capac- 
itor 10 to transfer the instantaneously charged power in 
the capacitor 10 with redundancy to the battery, and the 
charge in the capacitor 1 0 is returned to about zero and 
the capacitor 1 0 is ready for next instantaneous charg- 
ing operation. 



When the vehicle is climbing up a steep siope, the 
main generators 2' and 2" are loaded heavily. Also the 
engine 1 is loaded heavily, the rotation speed of the en- 
gine 1 slows down in spite of full operation. In such con- 

5 dition, the main motors 2' and 2" supply with electric 
power to the motor-generator 3a of the turbo-charger 3 
to operate the motor-generator 3a as a motor the motor- 
generator 3a drives the compressor to operate the sup- 
plemental supercharging. However in such condition, 

10 surplus power from the main generators 2' and 2" is not 
available for loads other than power to drive the motors 
9. In such case, the controller 6 controls the battery 11 
to supply power to the motor-generator 3a of the turbo- 
charger 3, then the turbo-charger 3a is operated for su- 

15 percharging. When the motor-generator 3a needs a 
feed of instantaneous current, the controller 6 transfers 
power from battery 11 to the capacitor 10, the power is 
supplied instantaneously from the capacitor 10 to the 
motor-generator 3a. When the vehicle is driven curved- 

20 |y, the rotation speed of the wheel is different between 
the inner wheel and outer wheel, the rotation speed of 
the motor 8 coupled with the wheel 9 is adjusted so as 
to rotate smoothly based on learning of the rotation of 
individual wheels for curved driving. 

25 As described hereinbefore, in this embodiment, cyl- 
inders of the engine, pistons, and sub-combustion 
chambers are provided with thermal insulation struc- 
ture, heat sufficient for evaporation of fed fuel is held in 
sub-combustion chambers structurally. A sub-combus- 

30 tion chamber having a central communicating orifice at 
the center of the piston head is formed, a fuel collision 
table is formed in the sub-combustion chamber, a plu- 
rality of radial communicating orifices for jetting flame 
from the sub -combustion chamber toward the cylinder 

35 is provided, burning is easy even with using low pres- 
sure fuel injection mechanism, therefore, simply struc- 
tured solenoid valve type fuel injection nozzles and so- 
lenoid valve type fuel injection pumps can be used, al- 
cohol luel such as methanol and ethanol is burnt 

40 smoothly, the fuel injection timing is adjusted to the op- 
timal timing dependency on load, the number of working 
cylinders is adjusted dependently on load to operate the 
engine at the optimal fuel consumption, and the amount 
of hazardous substance in exhaust gas is minimized. 

45 The engine of the present invention needs no engine 
cooling mechanism, no heavy weight gear box and no 
clutch mechanism, the weight of the whole vehicle is re- 
duced comparing with conventional vehicles, the fuel 
consumption is improved also in terms of the light 

so weight. 



Claims 

55 1. A hybrid electric vehicle having an engine, main 
generator driven by said engine for generation, dy- 
namo-electric machines coupled with a drive shaft 
of a wheel driven by electric power from said main 
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generator, and controller for controlling said dyna- 
mo-electric machines, wherein said hybrid electric 
vehicle is provided with; 

an engine having combustion chambers con- 
sisting of ceramics such as silicon nitride and a 
thermal insulation means with a insulation layer 
provided on the outside periphery of the wall of 
the exhaust system, 

a turbo-charger provided in the exhaust pipe of 
the engine, 

an energy recovery turbine provided at the 
downstream from said turbo-charger, 
sub-generators coupled with shafts of said tur- 
bo-charger and energy recovery turbine indi- 
vidually, and 

a controller for merging output electric powers 
obtained from said both sub-generators and for 
driving the above-mentioned motor. 

A hybrid electric vehicle having an engine, main 
generator driven by said engine for generation, dy- 
namo-electric machines coupled with a drive shaft 
of a wheel driven by electric power from said main 
generator, and controller for controlling said dyna- 
mo-electric machines, wherein said hybrid electric 
vehicle is provided with; 

an engine having combustion chambers con- 
sisting of ceramic such as silicon nitride and a 
thermal insulation means with a insulation layer 
provided on the outside periphery of the wall of 
the exhaust system, 

a turbo-charger provided in the exhaust pipe of 
the engine, 

an energy recovery turbine provided at the 
downstream from said turbo-charger, 
sub-generators coupled with shafts of said tur- 
bo-charger and energy recovery turbine indi- 
vidually, 

a controller for merging output electric powers 
obtained from said both sub-generators and for 
driving the above-mentioned motor, 
a cylinder switching means for control the 
number of working cylinders of the above-men- 
tioned engine, 

a load detection means for detecting loading 
condition of the above-mentioned engine, and 
a control means for controlling the above-men- 
tioned cylinder switching means dependency 
on the output from said load detection means. 

3. The hybrid electric vehicle as claimed in claim 2, 
wherein the above- mentioned engine is an engine 
having even number of cylinders, and the above- 
mentioned cylinder switching means switches be- 
tween full cylinder operation mode and half cylinder 
operation mode. 
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The hybrid electric vehicle as claimed in claim 2, 
wherein when the operation mode of above-men- 
tioned engine is switched, the intake valve and ex- 
haust valve of the resting cylinders are closed dur- 
ing resting. 

The hybrid electric vehicle as claimed in claim 3, 
wherein the clearance between the cylinder and 
piston of cylinders which rest while the mode is the 
half cylinder operation is prescribed to a slightly 
smaller than that of other cylinders, the cylinder 
consists of silicon nitride containing 2 to 10 % of 
Fe304, and the piston ring consists of high strength 
silicon nitride sintered in high pressure gas. 

A hybrid electric vehicle as claimed in claim 1, 
wherein said hybrid electric vehicle has an engines 
main generator driven by said engine lor genera- 
tion, dynamo-electric machine coupled with a drive 
shaft of a wheel driven by electric power from said 
main generator, and controller for controlling said 
dynamo-electric machines, and 

said hybrid electric vehicle is provided with; 
an engine having combustion chambers con- 
sisting of ceramics such as silicon nitride and a 
thermal insulation means with a insulation layer 
provided on the outside periphery of the wall of 
the exhaust system, 

a heater for heating fuel provided in the exhaust 
system of the engine, 

a catalyst for reforming a fed fuel to a luel with 
higher cetane number than that of the fed fuel 
provided at the downstream from said heater, 
a turbo-charger provided in the exhaust pipe of 
the engine, 

an energy recovery turbine provided at the 
downstream from said turbo-charger, 
sub-generators coupled with shafts of said tur- 
bo-charger and energy recovery turbine indi- 
vidually, 

a controller for merging output electric powers 
obtained from said both sub-generators and for 
driving the above-mentioned motor, and 
a power supply control means for supplying 
electric power to the above-mentioned electric 
heater in response to the signal from the tem- 
perature sensor fixed to the above-mentioned 
internal combustion engine when the tempera- 
ture of the internal combustion engine is low 

7. The hybrid electric vehicle as claimed in claim 6, 
wherein a power supply control means for supplying 
electric power to the above-mentioned heater in re- 
sponse to the signal from the temperature sensor 
fixed to the above-mentioned engine when the tem- 
perature of the engine is low. 
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8. A hybrid electric vehicle having an engine, main 
generator driven by said engine for generation, dy- 
namo-electric machines coupled with a drive shafl 
of a wheel driven by electric power from said main 
generator, and controller for controlling said dyna- 
mo-electric machines, wherein said hybrid electric 
vehicle is provided with; 

an engine having combustion chambers con- 
sisting of ceramics such as silicon nitride and a 
thermal insulation means with a insulation layer 
provided on the outside periphery of the wall of 
the exhaust system, 

a turbo-charger provided in the exhaust pipe of 
the engine, 

an energy recovery turbine provided down- 
stream from said turbo-charger, sub-genera- 
tors coupled with shafts of said turbo-charger 
and energy recovery turbine individually, 
a controller for merging output electric powers 
obtained from said both sub-generators and for 
driving the above-mentioned motor, 
a plurality of main generators provided respec- 
tively on both ends of the crank shaft of the 
above-mentioned engine, and 
a controller for merging the outputs from the 
main generators and an energy recovery gen- 
erator provided in the exhaust pipe and for op- 
erating the dynamo-electric machine coupled 
with the drive shaft of the vehicle as a motor. 

9. A hybrid electric vehicle having an engine, main 
generator driven by said engine for generation, dy- 
namo-electric machines coupled with a drive shaft 
of a wheel driven by electric power from said main 
generator, and controller for controlling said dyna- 
mo-electric machines, wherein said hybrid electric 
vehicle is provided with; 

an engine having sub-combustion chambers 
surrounded with thermal insulation structure 
and provided on each piston in which a fuel in- 
jection nozzle is provided on a cylinder head, 
fuel is injected from the above-mentioned injec- 
tion nozzle through a central communicating or- 
ifice with a small diameter provided at the top 
of the sub-combustion chamber, a fuel collision 
table is provided, also having a piston head pro- 
vided with a plurality of radial communicating 
orifices for scattering the flame generated in the 
above-mentioned sub-combustion chamber 
against the side wall of the cylinder, and having 
the cylinder and the thermal insulation outside 
structure of the combustion chamber at the top 
of the cylinder, 

a turbo-charger provided in the exhaust pipe of 
the engine, 

an energy recovery turbine provided at the 
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downstream from said turbo-charger, sub-gen- 
erators coupled with shafts of said turbo-charg- 
er and energy recovery turbine individually, 
a controller for merging output electric powers 
obtained from said both sub-generators and for 
driving the above-mentioned motor, 
the first power storage means for storing instan- 
taneously the instantaneous surplus power 
generated from the generator-motor of the ve- 
hicle and for releasing the power to said electric 
system, 

the second power storage means for storing rer 
dundantly the surplus power generated from 
the above-mentioned generator and for releas- 
ing redundantly the power to said electric sys- 
tem, and 

a supercharging means for supercharging the 
above-mentioned engine driven with the elec- 
tric system in the vehicle. 

10. The hybrid electric vehicle as claimed in any of 
claims 1 , 2, 6, 8, or 9, wherein said main generator 
mounted on the above-mentioned engine has a 
planetary gear mechanism, and a generation mech- 
anism is provided on the peripheral gear. 

11. The hybrid electric vehicle as claimed in any of 
claims 1 , 2, 6, 8, or 9, wherein said main generator 
mounted on the above-mentioned engine has a 
planetary gear mechanism, and generation mech- 
anisms are provided on the peripheral gear and in- 
ner speed increasing gear respectively. 

12. The hybrid electric vehicle as claimed in any of 
claims 1, 2, 6, 8, or 9, wherein a device which de- 
tects the temperature of the engine, throttles the ex- 
haust gas passage when the temperature is low, 
and introduces combustion gas from the exhaust 
hole to the cylinder is provided. 



13. The hybrid electric vehicle as claimed in claim 8, 
wherein the crank shaft of the above-mentioned en- 
gine and a speed increasing power transmission 
means are connected so that the speed increasing 

45 power transmission means is rotated at a speed 
twice that of the crank shaft, the motor-generator is 
coupled with the shaft which is rotated in the direc- 
tion reverse to the above-mentioned crank shaft, 
the rotor of said double speed motor-generator is 

so unbalanced mechanically, and the motor-generator 
is provided so that the unbalance of the crank sys- 
tem of the four-cylinder engine is compensated. 

14. The hybrid electric vehicle as claimed in claim 9, 
55 wherein the sub-combustion chamber provided on 

the piston head of the above-mentioned engine is 
formed on the central portion of the piston head. 
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RATE OF FUEL CONSUMPTION 150g/psh 



RATE OF FUEL CONSUMPTION I60g/psh 



BATE OF FUEL CONSUMPTION 
180g/psh 

RATE OF FUEL CONSUMPTION 
200g/psh 



RATE OF FUEL CONSUMPTION 150g/psh 



RATE OF FUEL CONSUMPTION 150g/psh 
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(54) Hybrid electric vehicle 

(57) A hybrid electric vehicle which is driven by a 
motor (7) powered with electric power generated by an 
engine (1), wherein the cylinder, piston, and sub-com- 
bustion chamber of the engine have insulation structure 
so that heat sufficient for evaporating fed fuel is held in 
the sub-combustion chamber. The sub-combustion 
chamber having a central communicating orifice is 
formed on the central portion of the piston head, a fuel 
collision table is formed in the sub-combustion chamber, 
and a plurality of radial communicating orifices for jetting 
flame from the sub-combustion chamber against the cyl- 
inder is provided, the burning is easy even with using a 
low pressure fuel injection mechanism, therefore a so- 
lenoid valve type injection pump with simple structure is 
used, the burning is smooth with using alcohol fuel such 
as methanol and ethanol, the fuel injection timing is ad- 
justed dependently on load to the optimal timing, the 
number of working cylinders is controlled so as to match 
to the load, the control allows the engine to operate at 
the optimal fuel consumption, therefore emission of haz- 
ardous substance contained in exhaust gas is mini- 
mized. The engine of the present invention needs no 
cooling mechanism, and also needs no heavy gear box 
and no clutch mechanism, the weight of the whole ve- 
hicle is significantly reduced comparing with conven- 
tional vehicles, the fuel consumption is reduced also in 
terms of the light weight. 
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